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Sustainable cementitious materials: The  effect of fly ash
percentage as a part replacement of portland cement
composite (PCC) and curing temperature on the early age
strength of fly ash concrete
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Abstract . This research aims to determine the effect of fly ash percentage as a part replacement of
Portland cement and curing temperatures to the early age strength of concrete. The percentages of
fly ash used wre 0, 10 and 15% by cement weight. The cured temperatures were 25, 30 dan 50°C.
The concrete specimens were cubes of 150 x 150 x 150 Tima cubes, which were cured at 25°C,
placed in water tank, while those cured at 30 and 50°C cured in oven untfl Zrdhthen continued

in water. Thetestingwasconducted at ages 3, 7, 14 dan 28 days. The results showed that at early
ages, the strength of concrete without fly ash cured at 25°C were higher than that of fly ash concrete.
The higher level replacement oément with fly ash, the lower strength of concrete obtained. The
higher the curing temperature at earlier age resulted the higher the strength of concrete. The strength
of concretes with 10% of fly ash cured at 25, 30 and 50°C at age three days wete 15481 and

16.296 MPa respectively. Conversely, the strength of concretefthated at higher temperatures

at ages 28 days, were lower than thataficretescured at lower temperature. The results of this
research also showed that fly ash could mwprthe workability of concrete.

1 Introduction may give additional benefits and improve certain
propertiessuch as strength, workability and durability of
Concrete is the most used construction material concrete. The usef cementitious materials can have
worldwide due to its availability of the raw materials impact on the environmergnd contributionto reduce
over the world.For many argumentghe production of  the need of landfilfor disposal[3, 4, 6]. The use of fly
cementas a construction materiali®t sustainble, as it ash as cementitious material in concresn play an
consumes large quantities of natural materlais. about important role in sustainable developmeiithas been
1.5 tons of raw materials is needed in producing eachintroduced for using as supplementary cementitious
tone ofcement Anotherreason ishe cement, which is  material in concrete in the beginning of last century,
the main material in producingoncrete has a large  although it was started to be familiar used in concrete in
contribution to the CQ emissionthat leads toglobal the last 50 yearfs].
warming and climate changk is approximately one ton

of CO,, isreleased to the atmosphere in producing each . .
ton of cemenf1-5]. P P 9 2 Using fly ash in concrete

lar Lhz;g&?;tofmeanneﬂfaéxgggielz sr']secroveirse?héotor;gle d Fly ash is a byroduct of burning pulverized of a ceal
9 9 gy fired electrical generation station. The mineral impurities

energy required to produce a new material. Those are
needed to extract the raw material, process and." the coal (clay, felspar, quartz and shale) are

manufacture material, and transportation for all stades separated out of combustion chamber along with exhaust

production. For this reason, it is needed to develop gases. It then cools and solidifies into spheri<_:a| glassy
cementitious materials Whi’Ch are wasig product of particles called fly ast8, 9. Generally, fly ash is used

industry and consume a smaller amount of ener into replaceoriginal Portland cementin concreteup to
y 9 N300 by mass of the total binder or cementitious material
producing them andanreduce the cement content to be

used in concreteFurthermore, the useush materia [10, 11]. The use of fly ash as addition in concrete
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mixture can give many economical, technical and
environmental beriis.

2.1. Pozzolanic reaction of fly ash

both coarse and fine aggregates were measured in the
laboratory. The sand was fine damaken from Palu
River and the coarse aggregate wasrashed aggregate
producedby stone crushed PT Beton Jayalu witha
nominal size rangingfrom 5 to 20 mm.Both the sand

Pozzolanic reactions refer to the chemical reaction@nd coarse aggregate weta air dry conditions;

between the calcium hydroxide (CH) resulted from the

therefore, some watevereadded forabsorption tallow

cement hydration process and the silica dioxide inside oftoth of them meet their saturated service dr¢SSD)

the fly ash.Thehydrationreaction as follow§12]:
Primary reaction:
2C38 + 6 H —» C35:H; + 3CH (1)
tricalcium silicate + water —» C-S-H + calcium
hydroxide
Secondary reaction:
2C,S +4H—» C3S:H; + CH (2)
dicalcium silicate + water —% C-S-H + calcium
hydroxide
The hydration reaction of cement then followed by the
pozzolanic reactions below:

CH+S+H — C-S-H 3)

Fly ashreactswith lime (CH), theby-product ofthe
cementhydrationandresuls C-S-H gels, whichaccount
for the main strength of concretdhe more €S-H
produced in hydration and pozzolanic reactiortke
stronger concrete obtaindd. addition,the use of fly as

in concrete can reduce the rate of the heat hydration as
the heat produced in cement hydration is used by fly ash

in the secondary reacti@s activation energlp start the
pozzolanic reactio13,14]. Therefore, the temperature

rise resulted from cement hydration accelerates the

secondary reaction of fly ash concrete, thereby it can
reduce possible thermal cracks.

2.2. Effect of fly ash on the properties of fresh and
hardened concrete

The use of fly as in concrete can reduce the weteded

in mixing depends on the qualiof fly ash used, athe

fly ash can improvevorkability of concretelt also can
reduce bleedingnd avoid segregatiofl5] as the less
water used in concrete malkj it more cohesiveThe
reaction of fly ash with CH to produce CSH will increase
concrete density, thus lowering the permeability of

condition The fly ash whichwas used in thigsesearch,
was taken from power generating (PLTU) Mpanau Palu
with the chemical composition shown in TableThe fly
ashwas catagyorized as fly ash Class F withe specific
gravity of2.377.

Table 1. The diemical composition of fly ash
taken from PLTU Mpanau Palu

coclill:l:li;a(;s Percentage by weight
SiC, 51.55
FeOs 25.54
Al20s 17.26
CaO 2.09
K20 1.25
TiO2 0.95
MnO 0.48
Others 0.90

concrete to water and aggressive chemicals such as

chloride ion, salts and sulphate compounds. As the

results it will increase thedurability of concrete.
Furthermorejncreasing the CSH compound in concrete,
will resultsimproving in strength.

3 Experimental Works

3.1 Materials

A single batch of sand, coarse aggreg®@C cement,
and fly ash were usedtiroughout the expariental work.
The PCC cement wasroduced by PT Semefonasa,
which wasPPC Type | cement with the specific gravity

of 3.1. The absorption, density, and sieve analysis of
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3.2 Mix proportion s

The mix proportions of concrete per m3 of concrete with
and without fly ash are presented in Table 2 as follow:

Table 2 The chemical composition of fly ash
taken from PLTU Mpanau Palu

Mix proportion pem? concrete
Materials PCC
Concrete (0| 10% FA 15 % FA
% FA)
Cement(kg) 394 354.6 334.9
Fly ash(kg) - 394 59.1
Sand(kg) 754 754 754
Coarse
Aggregate 1041 1041 1041
(kg)
Water(kg) 211 211 211

The watercement ratios of those mixexbove are
0.52.After mixing, the cube moulds were half filled with
concrete then vibrated. The moulds then filled up to the
top kefore they were vibrated again to have a sufficient
level of compaction.

3.3 Specimens

The specimens are concrete cubes with gize of150
mm X 150 mm x 150 mnihree cubes for each mix and
testing date provided. The testing ages are 3, 7, 14 a
28-days. The specimens were cured at %5 (room
temperature), 30 and 3Q in ovens.

4 Results and discuss ions

The results o§lumptest for concrete with 0, 1&hd 15%

FA were 100, 120 and 135 mm respectivédieplace
15% cement by fly ash can improve the slump of
concrete by 35% higher thatump of concrete without

fly ash. It is meanthat using fly ashin concrete can
improve the workability of concreteThe workability of
concrete improves as the percentage of fly ash in
concretdancrease.

Table 3 below presents thesults of compression
strengthgestingof concrete PCC, 10FA and 15FA cured
at 25, 30 and 5C at ages 3, 7, 14nd 28days.The
symbols PCC, 10FA and 15 FA refer to the PCC, 10 %
FA and 15 % FA concretes respectively.

Table 3 Theresults of compression strength testing

Curing Age (days)
Concrete | Temp.
°C 3 7 14 28
25 1541 | 22.44 | 26.07 | 33.93
PCC 30 18.89 23.1 26.82 | 30.89
50 20.00 | 23.48 | 25.33 | 27.64
25 15.11 17.19 | 21.04 | 30.34
10FA 30 15.48 17.41 | 23.11 | 29.70
50 16.30 | 18.00 | 23.78 | 29.04
25 14.05 | 16.15 | 18.82 | 28.00
15FA 30 15.11 16.30 | 20.07 | 27.19
50 15.47 17.93 | 21.04 | 26.15

At early age i.e. three dayshe strength of all
concretes cured at &5 (standard curing temperature)
are qute similar, as shown in Fig.. IThe strengths of
concreteat age 28lays at the curing temperature are
33.93, 30.34, and 28.0 MPa for conceeRCC, 10FA
and 15 FA respectilg The results are unexpected, as
the strength of fly ash concretesthé age 28days are
significantly lower than that of PCC concrete i.e. 10.58%
and 17.48% for 10FA and 15Féoncretegespectively.

It is believed as the PCC cemérats been mixed witfly
ash inclinker. Unfortunately, the percentage of fly ash,
which had been added in clinker was reytorted by the

ngement manufacturer.
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Fig. 1. Concrete strength vs. agered at 28C.



MATEC Web of Conferences 258, 01001 (2019)
SCESCM 2018

https://doi.org/10.1051/mateccont/201925801001

The strengthdevelopmenbf all concretesat all testing
ages are also presentéd the Fig.1 At age 7 and 14
days, the strength of botOFA and 15FA concretes are
still much lower than that of PCC concrefven though,
the strength of fly ash concretat 28daysarestill lower
than that of PCC concrete. ltsibelievedas the PCC
cement hae already contained mudly ash whichwere
mixed in cement clinker incement manufacturing
process However,it seemsthat the strength of 10 FA
and15FA concretsarestill developed to increase.

At elevated curing taperature (3%C), the rate
strengths of fly ash concretg to ageof 14-days are
similar to that of fly ash concrete cured at standard
curing temperature as shown in the following figure.

40
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Fig. 2. Concrete strengtts. age cured at 0.

However, at age 28ays, the strength of fly ash
concretes significantly increase in comparing to the fly
ash concretes cured at standard curing temperatire
shown in Fig.2 The strengths of concrete at the age are
30.89, 29.70 an@7.19 MPa for PCC, 10FA and 15FA
concretes respectivelfrhe strengths of fly ash concrete
reach 96.15% and 88.0266 the PCC concrete strength
for 10FAand 15FAconcretes resptvely.

Furthermore, the strengths of fly ash concretem
to sharplyincrease while the strength development of
PPC concrete is looked starting to be le@llThe
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Fig. 3. Concrete strength vs. age cured &350

The strength of PCC concrete early age (3days) is
significantly higher (29.79%) than that of PCC concrete
cured atstandardcuring temperat@. However, the
strengths of both 10FA and 15FA&ncretest the curing
temperature are similar to those are cured & 25The
strengtls of boththe concrets cured at 58C are 18.50%
and 22.65% lower than that of PCC concrete for 10FA
and 15FA concttes respectively.The strengths of fly
ash arecontinuou$y lower than that of PCC strength up
to age of 14 days where the strength of 10FA (23.78
MPa) is closed to the PCC concrete strength (25.33
MPa)

Furthermore the strength o€oncrete with10 % fly
ash at28-daysis slightly higher(5.07%) than that of
PCC concreteEven he strengths of fly asleoncrets
seemto be still continuously developadther than that
of PCC concretewhichis seenedto startlevelling.

Figure 4 presents the effect of highecuring
temperature to the strengttevelopment of concretat
later ages (28lays). The figure shows that there is a
detrimental effect of higher curing temperature at early
to the later age’s strength of concrete. The higher curing
temperatureresultsthe higher detrimental effect to the
strength of concrete.

At age 28days, the strengths of PCC concrete

detrimental effect due to a higher curing temperature atdecrease by 9.83% and 18.53% from its strength at
early ages to the strength development of concrete aktandardcuring temperature (26) for curing at 36C

later agesare still not appeaats it generalljhappened on

and 50C respectively.

concrete cured at a similar temperature. It is believed as
the fly ash can reduce the detrimental effect of the higher

curing temperature at early agessteength development
of concrete at later ages.

Figure 3 displays the strength devepoment of
concretes against age for concretes cured%@.50
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are less than that on PCC concrete, which are
20 - 18.53 18.53%, 4.3% and 6.61% for PCC, 10FA and 15FA
- concretes cured at %D respectively, while this
& problem has not been appeared on the concretes
£ 157 .pce cured at 30C.
=
£ = 10FA
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On the other hand, the detrimental effectsflgnas
concretes are significantly lower than that of happened in
PCC concrete. For the 10FA conctetee redumng
strengtls are 2.10% and 4.3% for 03 and 56C
respectively to the strengthf 10FA concrete cured at
standard temperature. Similarly, the reducing strengths
of 15FA concrete are 2.91% and 6.61% for the curing
temperature of 30 and %D respectively.

The high curing temperature at early ageelerates
the hydration proces®f cement, as theresult the
hydration products of cement encase the remaining of
cement, which has not hydrated yet. Therefore, the
hydration process on the remaining cement cannot
continue due to watecannot reach theart of cement.
The hydration process of cement cannot occur without
water.

The reaction of fly ash is an endotherm reaction,
which needs some energy t@ars its reaction. The heat
produced in cement hydration process i.e. primary 8.
reaction is abgbed by fly ash as the early energy to
begin pozzolanic reaction. Therefore, the detrimental
effect due to the high temperature can be overcome.

4,

6.

5 Conclusions

Based on the results of this research, the following
conclusion can be drawn:

1. The effect oflevels of fly ash in concrete cured at
standard curing temperatureas not significantly
effect on the earlyage strength of fly astconcrete
when comparing their strength to the strength of PCC
concrete. It is caused the PCC cement itself has
already mied with fly ash inclinker in the process
of cement manufacturing.

. At the devated curing temperatur¢50°C), the
strength of Portland Cement Composite (PCC) only
increaseq29.79%) at early age (three days), while
the strengths of 10410FA) and 15% fly ah (15FA)

concretes are still similar to their strength those cured12.

at standard curing temperature.
. The detrimentakffect, which wascaused by higher
curing temperaturat early agesn fly ashconcretes,

10.
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